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(54) Method for methane fermentation of organic waste 



(57) High-concentration organic waste is introduced 
to a methane fermentation tank and subjected to meth- 
ane fermentation. Fermented sludge is circulated 
between a fermentation tank and a membrane separa- 
tion tank. The fermented sludge is subjected to solid-liq- 
uid separation by a membrane separation unit of the 
membrane separation tank, and permeate is taken out 
of the system so that SS concentration in the fermenta- 
tion tank is held above an effective value necessary to 
hold the methane fermentation. Internal gas in the fer- 
mentation tank is aerated from a diffuser disposed 
below the membrane separation unit so that a gas-liquid 
phase stream generated by the gas is made to act as a 
cleaning stream on membrane surfaces of the filtration 
membrane of the membrane separation unit Excess 
sludge is drawn out from the tank bottom of the fermen- 
tation tank 
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. Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to a technique for processing high-concentration organic waste such as night 
soil, septic tank sludge, agricultural sludge, sewage sludge, farm animal manure, kitchen refuse and food waste, and 
more particularly, relates to a method for methane fermentation of organic waste. 

BACKGROUND OF THE INVENTION 

w 

[0002] Conventionally, anaerobic digestion systems have been available as a method for processing high-concentra- 
tion organic waste such as night soil, septic tank sludge, sewage sludge and kitchen refuse. The anaerobic digestion 
systems comprises steps of loading crude material high-concentration organic waste into a fermentation tank, process- 
ing the organic waste through fermentation by acid former and methane bacteria, and drawing produced fermented 
is sludge out of the tank. 

[0003] It is, however, required a long organic-waste retention time in the tank because methane bacteria grows slowly. 
When fermented sludge is drawn out of the fermentation tank, methane bacteria flow out of the tank together with the 
fermented sludge. This make it impossible to maintain a high concentration of suspended solids (SS) including the 
methane bacteria within the methane fermentation tank. To ensure a necessary amount of methane bacteria, it is there- 
to fore required to increase the volume of the fermentation tank. 

[0004] Particularly with high-decomposition ratio materials such as kitchen refuse contained in large amounts, for 
example, if the SS concentration of the kitchen refuse material is 10% and the kitchen refuse decomposition ratio is 85 
- 95%, taking into account the compositions of methane bacteria, then the concentration of suspended solids (SS) 
including methane bacteria is around 1%. 
25 [0005] For this reason, as a method for maintaining a high concentration of methane bacteria in the fermentation tank, 
there has been available one in which fermented sludge is dehydrated and dehydrated cake is returned to the fermen- 
tation tank. However, this method involves a high cost for coagulant polymers used for dehydration and has a possibility 
of fermentation inhibition due to the polymers, and besides a problem that the dehydrated cake can hardly be solved 
uniformly. 

30 [0006] Another method is that fermented sludge is centrifugally concentrated and returned to the fermentation tank. 
However, this method is poor in SS recovery rate, large in methane bacteria loss and high in power consumption 
expense, with a problem that inert matters such as sand and large foreign matters would be recovered preferentially. 
[0007] In methane fermentation of organic waste, there are some cases where organic matter load may become 
excessive due to variations of the load amount of organic waste to be introduced into the fermentation tank. In this case, 

35 because acid producing bacteria react at a higher rate than methane bacteria, there can be seen accumulation of vol- 
atile fatty acids such as acetic acid and propionic acid. 

[0008] When the concentration of these volatile fatty acids is increased so that the concentration of free volatile fatty 
acids is increased, the methane fermentation comes to be inhibited, in which case unless the concentration of volatile 
fatty acids is lowered, the methane bacteria would lose the activeness, where two to three months would be required to 
40 recover the methane bacteria to the original state. In such a case, the load of organic waste is reduced or stopped, or 
otherwise free volatile fatty acids are inhibited from increasing by adding alkali agents. 

[0009] In the meantime, when the total nitrogen amount (T-N) in the organic waste to be introduced into the fermen- 
tation tank is at a high concentration, nitrogen other than that used for composition of bacteria cell bodies result in 
ammonia nitrogen. If the concentration of this ammonia nitrogen becomes high so that the concentration of free ammo- 
45 nia becomes high, then methane fermentation is inhibited. 

[001 0] An object of the present invention is therefore to provide a method for methane fermentation of organic waste 
which method uses a membrane for solid-liquid separation of fermented sludge so that the concentration of methane 
bacteria within the methane fermentation tank is maintained at a high concentration to increase fermentation efficiency 
and, at the same time, that fermentation inhibition due to volatile fatty acids or ammonia nitrogen can be reduced. 

50 

DISCLOSURE OF THE INVENTION 

_ i 

[001 1 ] The present invention provides a method for methane fermentation of organic waste by introducing high-con- 
centration organic waste to a fermentation tank which defines a hermetic space so that the organic waste is decom- 
55 posed by methane fermentation, characterized by: 

providing a circulatory system made up of the fermentation tank, a membrane separation tank which defines a 
closed space and which has a membrane separation unit submerged inside, and a sludge supply path and a sludge 
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return path for making the two tanks communicated with each other; putting fermented sludge generated in the fer- 
mentation tank into a circulation in the circulatory system; filtrating the fermented sludge by the membrane separa- 
tion unit in the membrane separation tank; holding concentration of suspended solids including methane bacteria 
in the fermentation tank at a specified value necessary for maintenance of the methane fermentation; and drawing 
5 out excess fermented sludge from a bottom of the fermentation tank. 

[001 2] With this constitution, since only the liquid content of the fermented sludge that stays in the system comprising 
the fermentation tank and the membrane separation tank is taken out as permeate, the hydraulic retention time (HRT) 
for which the liquid content in the fermented sludge stays in the system, and the sludge retention time (SRT) for which 
10 the solid content in the fermented sludge stays in the system can be controlled independently of each other. As a result 
of this, the concentration of methane bacteria can be maintained at a specified value necessary for the maintenance of 
methane fermentation and moreover that methane fermentation can be ensured. 

[001 3] In an embodiment of the present invention, the method for methane fermentation of organic waste further com- 
prises holding the concentration of suspended solids (SS) including methane bacteria in the fermentation tank at 1 - 

is 10%, preferably 2.5 - 5.5%, while holding viscosity of the fermented sludge at 200 (mPa • s) or less. 

[0014] In an embodiment of the present invention, the method for methane fermentation of organic waste further com- 
prises: supplying dilution water to the fermentation tank so that concentrations of volatile fatty acids and ammonia nitro- 
gen as fermentation inhibiting substances are suppressed to below a specified value; and increasing amount of 
permeate in the membrane separation unit in correspondence to amount of the dilution water so that the fermentation 

20 inhibiting substances are removed out of the system along with the permeate. 

[0015] With this constitution, it becomes possible to reduce the fermentation inhibiting substances in the fermented 
sludge and maintain the sludge concentration at a high concentration at the same time, so that methane fermentation 
can be accelerated. The dilution water may be obtained by treating the discharged permeate by means of biological 
denitrification process, ammonia stripping process, ammonia absorbents or the like, or may be given by process water 

25 generated in some other treatment process or pure water. 

[0016] The concentration of the fermentation inhibiting substances is desirably 3000 mg/L or lower in concentration 
of ammonia nitrogen. 

[001 7] In an embodiment of the present invention, the method for methane fermentation of organic waste further com- 
prises methane-fermenting organic waste composed of a mixture of kitchen refuse and activated sludge in the fermen- 
30 tation tank 

[001 8] For example, activated sludge such as excess sludge generated in the biological denitrification process or sew- 
age sludge are microorganisms and therefore, upon the loading of activated sludge to the methane fermentation tank, 
part of the microorganisms are decomposed under methane fermentation. This decomposition causes trace metals and 
vitamins to be eluted from the microorganisms into the fermented sludge, and these trace metals and vitamins contrib- 

35 ute to stabilization of methane fermentation. 

[0019] Because activated sludge is slow in decomposition rate, acid fermentation does not progress abruptly upon 
loading of the activated sludge into the fermentation tank so that volatile fatty acid concentration does not increase 
abruptly. Therefore, inhibition of methane fermentation due to the volatile fatty acids is unlikely to occur, which leads to 
stabilization of methane fermentation. 

40 [0020] According to the present invention, a complexing agent composed of organic acid is loaded to the methane 
fermentation tank 

[0021] Whereas sufficient trace metals such as Co, Ni, Fe necessary for methane fermentation are normally present 
in the fermentation tank, most of those trace metals are settled as sulfides in anaerobic atmosphere. The complexing 
agents loaded into the methane fermentation tank, for example, citric acid or oxalic acid, react with sulfides of the trace 
45 metals, which have been settled in the tank, to make the trace metals dissolved and changed into complex ions, thus 
transforming the trace metals into such a form that microorganisms can make use of the trace metals. As a result of 
this, methane fermentation is facilitated. 

[0022] In an embodiment of the present invention, the method for methane fermentation of organic waste further com- 
prises: blowing internal gas generated in the tank into the membrane separation tank from a diffuser disposed below 
so the membrane separation unit, thereby causing a cross-flow along filtration membrane of the membrane separation unit 
as a result of the gas blow into the tank, so that the fermented sludge is filtrated by the membrane separation unit while 
cleaning out membrane surfaces of the filtration membrane by the cross-flow. 

[0023] With this constitution, by cleaning out the membrane surfaces of the filtration membrane of the membrane sep- 
aration unit with the upward stream, deposition of a cake layer onto the membrane surfaces can be suppressed so that 
55 fouling of the filtration membranes can be prevented. 

[0024] In an embodiment of the present invention, the method for methane fermentation of organic waste further com- 
prises: holding internal pressure of the membrane separation tank at a positive pressure above atmospheric pressure. 
[0025] With this constitution, internal pressure of the tank is increased to a positive pressure by the gas blown in from 
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the fermentation tank, thus blocking the entrance of external air so that an environment free from the presence of oxy- 
gen suitable for the growth of methane bacteria, which are anaerobic bacteria, is maintained. Also, the membrane sep- 
aration unit submerged in the fermented sludge of the membrane separation tank filtrates the fermented sludge in the 
tank while a transmembrane pressure that acts on the filtration membrane is utilized as a driving pressure. By holding 
s the internal pressure of the tank to a positive pressure above the atmospheric pressure, the gas pressure in the tank in 
addition to the water head in the tank acts as a driving pressure that enhances the transmembrane pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0026] 

Fig. 1 is a schematic view showing an arrangement of a methane fermentation tank in an embodiment of the 
present invention; 

Fig. 2 is a perspective view showing an arrangement of a membrane separation unit in the embodiment; 
15 Fig. 3 is a schematic view showing an arrangement of a methane fermentation tank in another embodiment of the 
present invention; 

Fig. 4 is a flow sheet showing the procedure for processing organic waste, showing an embodiment of the present 
invention; 

Fig. 5 is a flow sheet showing the procedure for processing organic waste, showing another embodiment of the 
20 present invention; 

Fig. 6 is a correlation diagram of sludge concentration and viscosity; 

Fig. 7 is a correlation diagram of sludge concentration and viscosity; 

Fig. 8 is a graph showing the relation between HRT and methane gas yield; 

Fig. 9 is a graph showing the relation between SRT and methane gas yield; 
25 Fig. 10 is a graph showing the relation between ammonia nitrogen concentration and methane gas yield; 

Fig. 1 1 is a graph showing a comparison of methane gas yield between excess sludge and kitchen refuse; and 

Fig. 12 is a graph showing the effects of citric acid. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

[0027] Hereinbelow, an embodiment of the present invention is described with reference to the accompanying draw- 
ings. Referring to Fig. 1 , a methane fermentation tank 1 and a membrane separation tank 2 define a hermetically dosed 
space, and a membrane separation unit 3 is disposed so as to be submerged in the membrane separation tank 2. The 
methane fermentation tank 1 and the membrane separation tank 2 may be provided separate from each other or formed 
35 by partitioning one tank, or otherwise the membrane separation unit 3 may be submerged directly in the methane fer- 
mentation tank 1. 

[0028] In the methane fermentation tank 1 , its suitable temperature environment depends on the type of bacteria, and 
preferably 30 to 38°C for mesophilic bacteria and 50 to 57°C for thermophilic bacteria. In this embodiment, the temper- 
ature is maintained at 50 to 57°C. In this temperature region, kinematic viscosity of the liquid that permeates the mem- 

40 brane is as low as about 1/1 .5, as. compared with the case of 30 to 38°C, so that the water head that gives a driving 
pressure (transmembrane pressure) for performing membrane separation can be reduced. For example, if the temper- 
ature in the tank is 55°C and the flux is 0.1 m 3 /(m 2 • d), then the transmembrane pressure is 1 to 10 kPa. If the tem- 
perature in the tank is 37°C, the transmembrane pressure is 5 to 30 kPa. For maintenance of this temperature, heating 
equipment (not shown) is provided as an attachment. 

45 [0029] In the membrane separation tank 2, although an opening for inspecting the membrane separation unit 3 is 
closed by a lid member (not shown), it is difficult to completely hermetically close the opening. For growth of methane 
bacteria in an environment without the presence of oxygen, it is desirable to maintain the interior of the membrane sep- 
aration tank 2 and thereby block the entrance of external air. In the membrane separation unit 3, a plurality of membrane 
modules 32 are accommodated vertical and parallel with appropriate spacings in a casing 31, and a diffuser 33 is 

so placed below the membrane modules 32. The method for activating a driving pressure on the membrane separation 
unit 3 is, desirably, a gravity filtration method making use of the water head, but a suction filtration method for compul- 
sorily activating a suction force is also possible. This membrane separation unit 3 will be described in more detail. 
[0030] To the methane fermentation tank 1 , are connected a material supply line 4 for introducing high-concentration 
organic waste which is a crude material, and a sludge removal line 5 for taking out fermented sludge. The sludge 

55 removal line 5 has a sludge pump 5a and a valve 5b, and a sample takeout hole for taking out a sample of sludge con- 
centration measurement is provided in the downstream side of the sludge pump 5a. 

[0031 ] To the top of the methane fermentation tank 1 , a gas discharge line 7 for taking out gas including methane gas 
and contained in the tank is connected via a valve 7a, a dilution water supply line 8 for supplying dilution water is con- 
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nected via a valve 8a, and an agent supply line 9 for loading a chemical agent of citric acid or oxalic acid is connected 
via a valve 9a. 

[0032] Between the methane fermentation tank 1 and the membrane separation tank 2, are provided a sludge supply 
path 1 0 for sipplying the fermented sludge in the methane fermentation tank 1 to the membrane separation tank 2, and 

s a sludge return path 1 1 for returning the fermented sludge in the membrane separation tank 2 to the methane fermen- 
tation tank 1 , where the methane fermentation tank 1 , the membrane separation tank 2, the sludge supply path 10 and 
the sludge return path 11 constitute a circulatory system. The sludge supply path 10 has a circulating pump 10a, a 
screen 10b and a valve 10c, while the sludge return path 1 1 has a valve 1 1c. Also, between the methane fermentation 
tank 1 and the membrane separation tank 2, are provided a gas supply line 12 for supplying methane gas produced in 

10 the methane fermentation tank 1 to the diffuser 33, and a gas return line 13 for returning the methane gas in the mem- 
brane separation tank 2 to the methane fermentation tank 1 , where the gas supply line 1 2 has a blower 1 2a and a valve 
12b and the gas return line 13 has a valve 13a. 

[0033] Fig. 2 shows an example of the membrane separation unit 3. In the membrane separation unit 3, a plurality of 
membrane modules 32 are accommodated vertical and parallel with appropriate spacings inside the casing 31. Each 

is membrane module 32 is made up by placing a filtration membrane 35 over both front and rear surfaces of a filtration 
plate 34, where the filtration plate 34 is a plate-type rigid member made of ABS resin. The filtration membrane 35 is an 
ultra-filtration membrane or a micro-filtration membrane, p referably being a sheet-like organic membrane whose mate- 
rial is polyethylene and its mean pore size is 0.1 to 0.5 |im in diameter (because the length of methane producing bac- 
teria is not less than 0.5 ym. The membrane module 32 may be a ceramic tubular member or a tube. 

20 [0034] The casing 31 , in which a plurality of membrane modules 32 and the diffuser 33 are accommodated, is divided 
into a membrane casing 37 and a diffuser casing 38 for easier transport and maintenance and has such an arrange- 
ment that a total amount of gas spouted out from the diffuser 33 enters into the membrane casing 37. 
[0035] The filtration plate 34 has, in its interior, a permeate path for the flow of permeate liquid that has permeated 
through the filtration membrane 35. This permeate path has an inflow opening opened at front and rear surfaces of the 

25 filtration plate 34 and is communicated with a permeate takeout hole 39 formed at an upper edge of the filtration plate 
34. Each membrane module 32 is communicated with a catchment pipe 41 via tubes 40 connected to the permeate 
takeout hole 39, and a permeate introducing pipe 42 for introducing a permeate liquid is provided in communication with 
the catchment pipe 41. Reference numeral 43 denotes a holder plate for preventing the membrane modules 32 from 
floating. 

30 [0036] Now, operation of the above-described system is described. High-concentration organic waste loaded into the 
methane fermentation tank 1 from the material supply line 4 is methane fermented in the tank, and the resulting fer- 
mented sludge is circulated to and from the membrane separation tank 2 through the sludge supply path 10 and the 
sludge return path 1 1 . This circulation of fermented sludge is performed through the screen 10b by opening the valve 
10c and a valve 1 1a and driving the circulating pump 10a. Methane gas in the methane fermentation tank 1 is supplied 

35 to the diffuser 33 through the gas supply line 1 2, spouted out from the diffuser 33 into the fermented sludge of the mem- 
brane separation tank 2, and circulated from the membrane separation tank 2 to the methane fermentation tank 1 
through the gas return line 13. 

[0037] With this constitution, pressure in the membrane separation tank 2 is increased to a positive pressure by the 
methane gas spouted out from the methane fermentation tank 1 , thus being blocked from entrance of external air even 

40 if the tank is incomplete in hermetic state. Therefore, interior of the membrane separation tank 2 is stably maintained at 
an environment free from the presence of oxygen suitable for the growth of methane bacteria. 
[0038] The water head in the membrane separation tank 2 acts as a driving pressure on each membrane module 32 
of the membrane separation unit 3, and the membrane separation unit 3 filtrates fermented sludge by the membrane 
modules 32. In this process, by the tank pressure being maintained at a positive pressure above atmospheric pressure, 

45 gas pressure in the tank in addition to the water head in the tank acts as a driving pressure that enhances the trans- 
membrane pressure. 

[0039] The permeate that has permeated through the filtration membrane 35 of the membrane modules 32 flows from 
the permeate takeout hole 39 to the tubes 40 through the permeate path of the filtration plate 34, and flows out of the 
tank through the catchment pipe 41 and the permeate introducing pipe 42. 

so [0040] In this way, by taking out of the system the permeate that has been filtrated by the membrane separation unit 
3, the suspended solids (SS) including the methane bacteria in the methane fermentation tank 1 are maintained at a 
specified concentration value, by which the high -concentration organic waste is methane fermented stably in the meth- 
ane fermentation tank 1. Fermented sludge, which increases in concentration of methane bacteria with increasing SS 
concentration, whereas the fermented sludge would deteriorate in fluidity with the viscosity over 200 (mPa • s), making 

55 the fermented sludge hard to stir and convey by pump. Therefore, the specified value of SS concentration of fermented 
sludge is generally 1 to 10%, and preferably 2.5 to 5.5%. 

[0041 ] For example, when kitchen refuse having properties as shown in Table 1 is used at 1 00% as the organic waste, 
the correlation between SS concentration and viscosity of fermented sludge is as shown in Fig. 6, where in a viscosity 
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range of not higher than 200 (mPa • s), the SS concentration is not more than 5.75%: 



Table 1 



10 



15 



Item 


Unit 


Minimum 


Maximum 


Average 


TS 


mg/L 


119000- 


278000 


191000 


VS 


mg/L 


108000- 


252000 


172000 


SS 


mg/L 


98000- 


190000 


150000 


CODcr 


mg/L 


102000- 


371000 


222000 


BOD 


mg/L 


69000 - 


260000 


152000 


T-N 


mg/L 


1500- 


21000 


9600 


T-P 


mg/L 


350- 


2000 


1000 



[0042] Also, when a mixture of the kitchen refuse shown in Table 1 and excess sludge of night soil treatment shown 
in Table 2 at an SS quantity ratio of 4 : 1 is used as the organic waste, the correlation between SS concentration and 
20 viscosity is as shown in Fig. 7, where in the viscosity range of not higher than 200 (mPa • s), the SS concentration is 
not more than 3.25%: 



Table 2 



25 



30 



Item 


Unit 


Minimum Maximum 


Average 


TS 


mg/L 


17000-30000 


22500 


VS 


mg/L 


12000-22000 


16000 


SS 


mg/L 


13000 - 25000 


18000 


CODcr 


mg/L 


15000-31000 


22000 


BOD 


Mg/L 


900 - 3500 


1500 


T-N 


Mg/L 


1000-2000 


1300 


T-P 


Mg/L 


400 - 700 


530 



[0043] In the membrane separation tank 2, the total amount of biogas spouted out from the diffuser 33 enters into the 
diffuser casing 38, and an upward stream in a gas-liquid mixed phase generated by the spout of biogas flows into the 
40 membrane casing 37. This upward stream flows as a cross-flow along the filtration membrane 35 of the membrane 
module 32 to clean out the membrane surface of the filtration membrane 35, thereby suppressing the deposition of a 
cake layer onto the membrane surface. As a result of this, fouling of the filtration membranes is prevented and reduction 
of the solid-liquid separation function is suppressed, by which the membrane separation unit 3 is prevented from result- 
ing in malfunction. 

45 [0044] Excess fermented sludge in the methane fermentation tank 1 is removed from the tank bottom through the 
sludge removal line 5. This removal of excess sludge is performed by opening the valve 5b and driving the sludge pump 
5a. 

[0045] In this way, only the liquid content of fermented sludge that stays in the system comprising the methane fer- 
mentation tank 1 and the membrane separation unit 3 is taken out as a permeate. Therefore, the hydraulic retention 

so time (HRT) for which the fermented sludge stays in the system, and the sludge retention time (SRT) for which the solid 
content in the fermented sludge stays in the system can be controlled independently of each other. 
[0046] Fig. 8 shows the relation between HRT and methane gas yield in the case where the kitchen refuse shown in 
Table 1 and the excess sludge of night soil treatment (biological denitrification treatment) shown in Table 2 are mixed at 
a quantity ratio of 4 : 1, and where the SS concentration in the tank is maintained at a constant value. Fig. 9 shows the 

55 relation between SRT and methane gas yield under the same conditions. As shown in Figs. 8 and 9. the methane gas 
yield shows an HRT peak at 12 to 14 days and an SRT peak at 22 to 26 days. 

[0047] As shown above, because HRT and SRT differ in optimal value from each other, outflow of methane bacteria 
can be suppressed by controlling HRT and SRT independently of each other so that the concentration of methane bac- 
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teria can be stably maintained at a specified value necessary for maintenance of methane fermentation and moreover 
that methane fermentation can be stably achieved. 

[0048] In the methane fermentation tank 1 , volatile fatty acids and ammonia nitrogen that are fermentation inhibiting 
substances are produced by acid producing bacteria. Therefore, with dilution water supplied from the dilution water sup- 

s ply line 8 to the methane fermentation tank 1 , the concentration of fermentation inhibiting substances in the fermented 
sludge is suppressed to below a specified concentration suitable for methane fermentation, and the fermentation inhib- 
iting substances are taken out of the system along with the permeate separated by the membrane separation unit 3. 
Therefore, the concentration of fermentation inhibiting substances can be reduced to below the specified value without 
lowering the concentration of methane bacteria in the methane fermentation tank 1. 

10 [0049] In this connection, concentrations of free volatile fatty acids and free ammonia at which methane fermentation 
is inhibited differ depending on such conditions as pH and temperature in the methane fermentation tank 1, breeding 
state of methane bacteria and the like. 

[0050] Therefore, a relation between the variation of methane gas yield and the concentration of free volatile fatty 
acids and free ammonia is determined as a rule of thumb, and an allowable specified concentration of free volatile fatty 

15 acids and free ammonia is determined. Fig. 10 shows the relation between ammonia nitrogen concentration and meth- 
ane gas yield in this embodiment. The concentration of ammonia nitrogen is desirably not more than 3000 mg/L 
[0051] Excess sludge produced in night soil treatment is activated sludge composed of microorganisms. When 
kitchen refuse and the excess sludge are mixed together as organic waste, part of the microorganisms are decom- 
posed together with the kitchen refuse during methane fermentation. 

20 [0052] This decomposition causes trace metals and vitamins to be eluted from the microorganisms into the fermented 
sludge, and these trace metals and vitamins contribute to the cell body composition of methane bacteria, which leads 
to stabilization of methane fermentation. Amounts of trace metals in the excess sludge are shown in Table 3. 



25 Table 3 



Amounts of trace metals in excess sludge 


Components 


Total (mg/L) 


Sol (mg/L) 


Mg 


470 


17.4 


Fe 


890 


2.4 


Co 


0.3 


ND 


Ni 


3.1 


0.1 


Mn 


27 


ND 


Zn 


70.9 


0.2 


Cu 


17 


ND 


Mo 


0.7 


0.2 


Ca 


3330 


130 


K 


1420 


1090 


Na 


1480 


1440 



45 

[0053] Fig. 11 shows methane gas yields of excess sludge and kitchen refuse. Because excess sludge is slow in 
decomposition rate, acid fermentation does not progress abruptly upon loading of the excess sludge into the fermenta- 
tion tank so that volatile fatty acid concentration does not increase abruptly. Therefore, because the concentration of 
volatile fatty acids does not increase abruptly, inhibition of methane fermentation due to the volatile fatty acids is unlikely 
so to occur, which leads to stabilization of methane fermentation. 

[0054] Whereas the growth of microorganisms needs a more than specified level of soluble trace metals (Co, Ni, Fe), 
sufficient trace metaJs necessary for methane fermentation are present in the fermentation tank as described above. 
Amounts of trace metals in the fermented sludge are shown in Table 4. 

55 
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Table 4 



Amounts of trace metals in fermented sludge 


Components 


Total (mg/L) 


Sol (mg/L) 


Mg 


130 


49.4 


Fe 


71.6 


0.6 


Co 


0.2 


0.1 


Ni 


0.4 


0.1 


Mn 


4.7 


0.3 


Zn 


16.2 


0.2 


Cu 


4.8 


0.1 


Mo 


0.4 


0.1 


Ca 


540 


51.7 


K 


740 


540 


Na 


950 


950 



[0055] However, these trace metals react with carbon dioxide generated by methane fermentation, producing carbon- 
25 ates, or are settled as insoluble sulfides in a reducing atmosphere. In particular, kitchen refuse contains larger amounts 
of sulfur contents derived from proteins, so that most trace metals are settled as sulfides. 

[0056J On this account, complexing agents of organic acids such as citric acid or oxalic acid are loaded into the meth- 
ane fermentation tank 1 through the agent supply line 9. The complexing agents loaded into the methane fermentation 
tank 1 react with sulfides of the trace metals, which have been settled in the tank, to make the trace metals dissolved 
30 and changed into complex ions, thus transforming the trace metals into such a form that microorganisms can make use 
of the trace metals. As a result of this, methane fermentation is facilitated. 

[0057] Normally, citric acid and oxalic acid, when used as complexing agents, are loaded by 1 0 to 1 00 mg/L, prefer- 
ably 50 mg/L, relative to the fermented sludge in the tank. Depending on the kind of organic waste or its mixing ratio, 
the absolute quantity of trace metals may lack, and therefore metal compounds (CoCI 2 , NiCI 2 , etc) including Co, Ni, Fe, 

35 Mn or the like may be loaded at the same time. Generally, the necessary amount of trace metals is around 1 ppm. 
[0058] Fig. 12 shows variations of H 2 S concentration in biogas attributable to the loading of citric acid, where the 
increase in H 2 S concentration in the biogas shows dissolution and complex-ion formation of sulfides. 
[0059] In the membrane separation unit 3, sulfides deposit on the filtration membrane 35 of each membrane module 
32, causing membrane fouling. On this account, while the membrane separation unit 3 is kept stopped from operation, 

40 complexing agents (aqueous solution of 0.1 to 10% concentration) are supplied to the permeate path of the filtration 
plate 34 through the permeate introducing pipe 42, the catchment pipe 41 and the tubes 40. The state that the com- 
plexing agents have penetrated into the filtration membrane 35 is held for an appropriate time elapse (30 to 120 min.), 
so that the sulfides deposited on the filtration membrane 35 are dissolved. The sulfides are dissolved to form complex 
ions, thus being changed into such a form as can be utilized by microorganisms, so that methane fermentation is facil- 

45 itated. 

[0060] Fig. 3 shows another embodiment of the present invention, where like members functioning as in the foregoing 
embodiment are designated by like reference numerals and omitted in description. Referring to Fig. 3, a methane fer- 
mentation tank 1 and a membrane separation tank 2 are defined by partitioning the interior area of one tank body 51 
with a partitioning wall 52, where the methane fermentation tank 1 and the membrane separation tank 2 are communi- 
50 cated with each other at a lower-end opening 53 and an intermediate opening 54 formed in the partitioning wall 52 
under the liquid surface. 

[0061] With this constitution, when methane gas spouts out from a diffuser 33, an upward stream of gas-liquid mixed 
phase arises and flows into the methane fermentation tank 1 through the intermediate opening 54 of the partitioning 
wall 52, and fermented sludge of the methane fermentation tank 1 flows into the membrane separation tank 2 through 
55 the lower-end opening 53 of the partitioning wall 52. This allows a circulating flow to be formed inside the tank 51 with- 
out the need of a separate circulating pump, which in turn allows an agitating action to occur in the methane fermenta- 
tion tank 1 , thus eliminating the need of providing any separate agitating means in the methane fermentation tank 1 . 
[0062] Next, a treatment system in which the above-described methane fermentation tank 1 and membrane separa- 
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tion tank 2 are incorporated is described. Referring to Fig. 4, liquid organic waste 61 such as night soil, septic tank 
sludge, sewage sludge, agricultural sludge and farm animal manure is introduced to a residue removal process 62 as 
slurry. In this residue removal process 62, for the protection of a membrane separation unit and a dehydrator in the suc- 
ceeding stage, it is preferable that after night soil residue is removed by a 0, 5 to 5 mm meshed screen a s an example, 

5 residue removal is performed once again with a centrifugal separator or screw press or the like until even inorganic mat- 
ters such as fine sands as well as hard-to-solubilize matters such as fibers are separated and removed. 
[0063] The residue-removed organic waste 63 is subjected to necessary treatment, such as BOD decomposition and 
denazification, in a biological treatment process 64. Treatment products processed by the biological treatment process 
64 are subjected to separation and removal of suspended substances such as activated sludge in a solid-liquid sepa- 

10 ration process 65. Treated water 66 after the separation is recycled as dilution water, which will be described later, or 
subjected to the removal of COD substances, chromaticity components and heavy metals in an advanced treatment 
process 67 and then disinfected and discharged. Concentrated sludge 68 of the suspended substances such as the 
activated sludge removed in the solid-liquid separation process 65 is supplied to a mixing tank which will be described 
later. 

is [0064] Meanwhile, solid organic waste 69 such as kitchen refuse and food waste, which may contain heterogeneous 
solid contents or include vinyl bags and inorganic matters as fermentation unsuitable matters, is subjected to the 
removal of inert matters as those unsuitable for fermentation in a crushing and classifying process 70. 
[0065] The crushing and classifying process 70 is a process in which the organic waste 69 is extruded through a 0.3 
to 0.7 mm slit screen with a pressure of 200 to 250 kg/cm 2 so as to be compressed and crushed with thin-particulate 

20 organic waste 71 discharged, while uncrushable, non-biodegradable matters such as night soil residue, plastics, metals 
and sand are left remaining in the equipment, so that the organic waste 69 is classified into the above two types, and 
the non-biodegradable matters are dehydrated. It is also possible that coarse crushing may be done as a pretreatment 
with a crusher such as a uniaxial crusher. The process of classification by compression may be substituted by another 
process in which crushing is performed with a normal crusher and followed by residue removal with a screen, residue 

25 removal with a centrifuge, residue removal with a screw press or the like. 

[0066] The thin-particulate organic waste (with SS concentration 10 to 15%) 71 discharged from the crushing and 
classifying process 70, and the aforementioned concentrated sludge (with SS concentration 7 to 10%) 68 are mixed 
together in a mixing tank 72 and then introduced to the methane fermentation tank 1 . 

[0067] In the methane fermentation tank 1 , the fermented sludge is methane fermented while being circulated in con- 
30 junction with the membrane separation tank 2. In this process, the solid organic waste 71 has cell membranes 
destroyed while being formed into finer particles by the crushing under compression, so that the biological decomposi- 
tion rate of the organic waste 71 is fast exhibiting an about 20% faster rate as compared with the case in which the 
crushing under compression is not performed. 

[0068] Also, the mixture of the thin-particulate organic waste 71 and the concentrated sludge 68 is a mixture in which 

35 trace metals (Fe, Ni, Co, Mn, etc.) effective for fermentation contained in kitchen refuse, food waste, septic tank sludge 
and the like complement one another. Therefore, in the methane fermentation tank 1 , the mixture of the thin-particulate 
organic waste 71 and the concentrated sludge 68 efficiently ferment in smaller numbers of days. 
[0069] The permeate in the membrane separation unit 3 is supplied to the biological treatment process 64, the excess 
sludge in the methane fermentation tank 1 is dehydrated in a dehydration process 73, and the supernatant liquor is sup- 

40 plied to the biological treatment process 64 . Dewatered sludge in the dehydration process 73 is formed into compost in 
a composting process 74, or dried and solidified into solid fuel and dry sludge, alternatively, carbonized. Methane gas 
generated in the methane fermentation tank 1 is introduced to power generating equipment 75 and used as fuel. 
[0070] When organic matters have become an overload due to variations in the supply amount to the methane fer- 
mentation tank 1, volatile fatty acids are abruptly accumulated inside the methane fermentation tank 1 because of the 

45 high decomposition rate of acid producing bacteria. Besides, in the methane fermentation tank 1 , which is high in total 
nitrogen concentration (T-N), there is a tendency that ammonia nitrogen is normally accumulated. 
[0071] On this account, treated water 66 in the solid-liquid separation unit 65 is supplied to the methane fermentation 
tank 1 as dilution water, so that the concentrations of free volatile fatty acids and free ammonia are suppressed to below 
specified values, and fermentation inhibiting substances are taken out of the tank together with the permeate separated 

so by the membrane separation unit 3. 

[0072] An alternative process is that, as shown in Fig. 5, the permeate taken out from the membrane separation unit 
3 is introduced to an ammonia stripping process 76, into which steam is blown in so that ammonia nitrogen in the per- 
meate is radiated as ammonia, where the resulting treated water is used as dilution water. This process has a merit that 
trace metals or the like necessary for microorganisms are not thinned in concentration, thus giving an advantage in 

55 terms of thermal energy. 

[0073] Without being limited to the above-described embodiments, ammonia contained in the permeate may be 
removed by zeolite adsorption. As dilution water, process water which is separately prepared may be added. Concen- 
trated sludge may be accelerated for fermentation by performing a solubilizing process in which the concentrated 
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sludge is liquefied and lowered in molecular weight. For the solubilizing process, there are available various methods, 
exemplified by holding the concentrated sludge for three days at about 70 to 80 °C, holding it under high temperature 
and high pressure of about 70 °C and 0.3 MPa, holding it at about 70 °C with sodium hydroxide, slaked lime or other 
alkalis, or blowing in ozone gas. 

5 [0074] Table 5 shows another embodiment of the present invention, where the SS concentration of kitchen refuse is 
20% and the SS concentration of excess sludge is 2.5%. 



Tables 



Item 


RUN 1 


RUN 2 


RUN 3 


RUN 4 


Kitchen refuse (kg/d) 


100 


100 


100 


100 


Excess sludge (kg/d) 


0 


0 


20 


20 


T-N in material (mg/l) 


3000 


9000 


3000 


9000 


Deritrif icated water (kg/d) 


0 


200 


0 


180 


Fermentation tank capacity (m 3 ) 


1.2 


1.2 


1.4 


1.4 


HRT 


12 


4 


11.7 


4.7 


SRT 


25 


25 


25 


25 



[0075] RUN 1 and RUN 3 show cases in which the T-N concentration was low, while RUN 3 and RUN 4 show cases 
in which excess sludge was mixed. In all cases, the SS concentration in the tank was held around 6% and the ammonia 

25 nitrogen concentration was held below 3000 mg/L 

[0076] The methane gas producing rate on the basis of fermentation tank capacity resulted in around 6 Nm 3 /m 3 . This 
is a very high value for the performance of a fermentation tank that ferments materials having high SS concentration 
and high total nitrogen concentration. The SS decomposition ratio was able to be held high as much as about 85% for 
kitchen refuse and about 40% for excess sludge. In this case, no accumulation of volatile fatty acids was seen in the 

30 methane fermentation tank. 

[0077] As shown above, according to the present invention, by subjecting fermented sludge to solid-liquid separation 
by the membrane separation unit 3, excess water content of the fermented sludge in the methane fermentation tank 1 
is removed and the SS concentration in the tank is held above an effective value necessary for the maintenance of 
methane fermentation, so that stable fermentation can be maintained at all times. As a result, the fermentation tank can 

35 be reduced in tank capacity. 

[0078] By removing inert matters unsuitable for fermentation from the material prior to the loading to the methane fer- 
mentation tank 1 , active matters occupy a large portion in suspended solids in the methane fermentation tank 1 , thus 
making it possible to improve the fermentation efficiency and to downsize the tank. 

[0079] By removing impurities through pretreatment of the material, the membrane in the membrane separation unit 
40 3 can be prevented from fouling and damage. Since solid organic waste is formed into fine particles by classification 
under compression, a high fermentation rate as well as a high SS concentration can be obtained so that the fermenta- 
tion tank can be downsized by virtue of their multiplier effects. 

[0080] Fermentation inhibiting substances in the fermented sludge can be easily reduced by filtration, so that methane 
fermentation can be carried out with high efficiency. 

45 

Claims 

1 . A method for methane fermentation of organic waste by introducing high-concentration organic waste to a fermen- 
tation tank which defines a hermetic space so that the organic waste is decomposed by methane fermentation, 
so characterized by comprising: 

providing a circulatory system made up of the fermentation tank, a membrane separation tank which defines a 
closed space and which has a membrane separation unit submerged inside, and a sludge supply path and a 
sludge return path for making the two tanks communicated with each other; 
55 putting fermented sludge generated in the fermentation tank into a circulation in the circulatory system; 

filtrating the fermented sludge by the membrane separation unit in the membrane separation tank; 
holding concentration of suspended solids including methane bacteria in the fermentation tank at a specified 
value necessary for maintenance of the methane fermentation; and 
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drawing out excess fermented sludge from a tank bottom of the fermentation tank. 

2. The method for methane fermentation of organic waste according to Claim 1 , further comprising: 

5 holding the concentration of suspended solids (SS) including methane bacteria in the fermentation tank at 1 to 

10%, preferably 2.5 to 5.5%, while holding viscosity of the fermented sludge at 200 (mPa • s) or less. 

3. The method for methane fermentation of organic waste according to Claim 1, further comprising: 

10 supplying dilution water to the fermentation tank so that concentrations of volatile fatty acids and ammonia 

nitrogen as fermentation inhibiting substances are suppressed to below a specified value; and 
increasing amount of permeate in the membrane separation unit in correspondence to amount of the dilution 
water so that the fermentation inhibiting substances are removed out of the system along with the permeate. 

is 4. The method for methane fermentation of organic waste according to Claim 1 , further comprising: 

methane-fermenting organic waste composed of a mixture of kitchen refuse and activated sludge in the fer- 
mentation tank. 

20 5. A method for methane fermentation of organic waste by introducing high-concentration organic waste to a fermen- 
tation tank which defines a hermetic space so that the organic waste is decomposed by methane fermentation, 
characterized by comprising: 

loading a complexing agent composed of organic acid into the methane fermentation tank. 

25 

6. The method for methane fermentation of organic waste according to Claim 1. further comprising: 

blowing internal gas generated in the tank into the membrane separation tank from a diffuser disposed below 
the membrane separation unit, thereby causing a cross-flow along filtration membrane of the membrane sep- 
30 aration unit as a result of the gas blow into the tank, so that the fermented sludge is filtrated by the membrane 

separation unit while cleaning out membrane surfaces of the filtration membrane by the cross-flow. 

7. The method for methane fermentation of organic waste according to Claim 1, further comprising: 

35 holding internal pressure of the membrane separation tank at a positive pressure above atmospheric pressure. 
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FIG. 2 
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FIG. 5 
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FIG.6 
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FIG.7 
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FIG.8 
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FIG. 9 
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FIG. 10 
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